The liver function of 65 patients was studied before and after operation under general anaesthesia. The liver function test used was a modified bromsulphthalein (b.s.p.) test which provided quantitative values for several parameters of liver function. The effects of two types of general anaesthetic were compared. One anaesthetic technique involved the administration of halothane to the spontaneously breathing patient, and the other used anaesthesia with nitrous oxide, oxygen and tubocurarine with controlled pulmonary ventilation. No significant difference was detected between the effects of these two anaesthetics on postoperative liver function. A specific pattern of change was found for each liver function parameter when the results of all the patients were collectively analyzed. A high preoperative alcohol consumption, and low oxygen tension during the anaesthetic were followed by a greater degree of postoperative liver dysfunction
This study was undertaken as a direct consequence of the reports during the years 1959-63 which suggested that halothane in anaesthetic doses was followed by liver damage.
The similarity in the structures of halothane and chloroform had resulted in much experimental and clinical work, for example that of Ravent6s (1956), Burns and associates (1957) and Jones, Marjolis and Stephen (1958) , to determine whether the effects on the liver of halothane and of chloroform resembled each other. No evidence was found which could incriminate halothane as a hepatotoxin. However, the reports of jaundice in patients who had been anaesthetized with halothane pointed to the need for further studies. Although several retrospective surveys (Keeri-Szantd and Lafleur, 1963; Allen and Metcalfe, 1964; Slater et al, 1964) had shown no relationship between the incidence of liver damage and the administration of halothane, careful studies seemed still to be required, if the relevance of other factors in the production of postoperative liver damage were to be evaluated. Such studies needed to be carried out in man, since the lack of evidence of liver damage in experimental animals given halothane suggested the possibility that their response to this drug might differ from that of man. Other drugs such as chlorpromazine and testosterone can also cause liver damage in man, but not in other species, and these drugs have been grouped together as causing liver damage by means of "hypersensitivity" (Klatskin, 1960; Drill, 1963) . Halothane has been included in this group by some observers (Sherlock, 1964) .
A problem in the study of liver function is the choice of a test which is sufficiently sensitive to detect the minor degrees of liver dysfunction which must occur before there is clinically overt liver damage. Some workers have attempted to overcome this by using a battery of up to eight different tests (Schmidt and Chesky, 1948; Fairlie et al., 1951; Morris, 1960) , but the interpretation of the observed changes within each test is uncertain as is also the correlation of changes between tests.
It was decided to carry out a prospective study of liver function changes in patients having operations under general anaesthesia, assessing these changes using the extended bromsulphthalein (b.s.p.) test described by Richards, Tindall and Young (1959) .
Although not ideal, this test offered the advantages not only of increased sensitivity, but also of supplying a considerable amount of information about the processes involved in the removal of b.s.p. from the plasma and its excretion into bile.
It was realized that much work had already been carried out in the field of postanaesthetic liver function changes and excellent reviews have been compiled by Johnstone (1964) and Little and Wetstone (1964) amongst others. These reviews, and many of the articles to which they refer, gave the impression that there is a minimal and inevitable degree of liver dysfunction after any general anaesthetic. The establishment of such a "baseline" or "inevitable" change in function would be the criterion by which significant change would be measured. This study was designed with the purpose of establishing the "baseline", and of trying to correlate postoperative changes in liver function with some of the many factors associated with the performance of an operation under a general anaesthetic, including the use of halothane.
METHODS
An initial pilot study, not described here, was used as a guide to the methodology which was adopted for this reported study.
Subjects.
These were fit patients who were admitted to hospital two days before operations lasting at least 30 minutes, but excluding procedures requiring blood transfusion or other intravenous therapy. Patients were also excluded in any of the following circumstances: (a) upper abdominal surgery (Person and Judge, 1958; Thoma, Krohn and Futch, 1963) ; (b) operations on the upper limb, since they presented difficulty in carrying out postoperative b.s.p. tests; (c) operations on the head and neck because of the difficulty in obtaining arterial or arterializedvenous blood samples during the operation; (d) history of a severe allergy or asthma, because of the occasional reported coincidence of such a history with anaphylactic reactions to injections of b.s.p. (Astin, 1965; Iber, 1965) .
Anaesthetic technique.
Two commonly used anaesthetic techniques were compared in the above group of subjects. One technique involved the administration of halothane, and the other, which it was thought might provide "baseline" changes in liver function, involved the control of ventilation with tubocurarine and nitrous oxide and oxygen. Premedication for all anaesthetics consisted of oral phenobarbitone 120-200 mg the night before operation.
Halothane anaesthetic. Anaesthesia was induced with thiopentone 200-300 mg, the lower dose being used for elderly, frail or small patients. It was preceded by atropine 0.6 mg intravenously. Suxamethonium 50-75 mg was given and after inflation of the lungs with nitrous oxide and oxygen, the vocal cords were sprayed with 2-4 ml of 4 per cent lignocaine hydrochloride solution. A cuffed endotracheal tube was inserted. The lungs were inflated with a 50:50 mixture of nitrous oxide and oxygen with halothane from a Fluotec vaporizer until spontaneous respiration had returned. The patient was then allowed to breathe sufficient halothane to maintain satisfactory operating conditions. The total fresh gas flow was 8 or 10 l./min, of which half was oxygen, and the circuit was a Magill semiclosed circuit with a Heidbrink expiratory valve. At the end of the operation the pharynx was aspirated and the endotracheal tube removed when the patient's cough reflex had returned.
Non-halothane .anaesthetic. Induction was the same as for the halothane anaesthetic, but tubocurarine 30-45 mg was given immediately after the thiopentone instead of suxamethonium. After inflation of the lungs with a mixture of nitrous oxide 6 l./min and oxygen 2 l./min for 1-2 minutes, the vocal cords were sprayed and the patient intubated as described above. The lungs were then ventilated manually at a rate of 15-20 l./min, using the closed circuit without the carbon dioxide absorber and with the fresh gas flow kept at 8 l./min, of which 25 per cent was oxygen. At the end of the operation, atropine 1.2 mg and neostigmine 5 mg were given to reverse the curarization. The endotracheal tube was removed when satisfactory spontaneous respiration had returned.
The assessment of changes in liver function.
Two tests were used, the extended b.s.p. test mentioned previously and the assay of serum alanine ami no transferase.
The extended b.s.p. test. The use of a threecompartment model and a mathematical description of this model to analyze the kinetics of transfer of b.s.p. from plasma to bile was first described by Richards, Tindall and Young (1959 decay curve is obtained by plotting the plasma concentration of b.s.p. in mg/100 ml against time on semilog paper. The resultant graph is the sum of two exponentials which are linear on this plot (see fig. 1 ). These exponentials may be extracted from the experimental results, either by using a suitable computer program or manually. From the graph, the slope of each exponential, k 1 and k 2 , can be calculated, and intercept of each exponential at zero time, A and B, can be measured. From the application of the three-compartment model of plasma, liver and bile to the curve, and using A, B, fe t and k 2 , a number of parameters of liver function can be derived. The proportionate transfer constants, a, b and h are first calculated as described by Richards, Tindall and Young (1959 fig. 1 ) by the dose given. It is expressed as ml/kg body weight.
(ii) Equivalent plasma volume of the liver (ELV). The concept of this parameter of storage of b.s.p. by the liver was first introduced by Goetzee, Richards and Riley (1959) . It is best calculated as aV/b. It is expressed here as i./kg body weight.
(iii) Steady-state clearance (SSC). This parameter is discussed by Richards (1965) and Clarkson and Richards (1967) . It is expressed here as ml/kg body weight.
(iv) Extraction (E%). This is the percentage of b.s.p. removed from the blood flow by the liver. In the steady state, the quantity so removed is equal to the quantity of b.s.p. excreted by the liver to the bile. In the steady state, we have used the following expression as a good approximation: (BF) . Hepatic plasma flow can be shown to be equal to SSC divided by E% (Dodson, 1968) . From the plasma flow and the haematocrit, a value for hepatic blood flow can be obtained. This is expressed as ml/kg/min.
(vi) Fractional volume flow (F/V%) . This is the proportion of the initial distribution volume of plasma for the injected b.s.p. which flows through the liver in unit time.
(vii) Percentage retentions (30'% and 45'%) . These can be calculated by division of the concentration at any particular time multiplied by 100, by the concentration at zero time. The times used here were 30 and 45 minutes after injection of the b.s.p.
Normal values for these parameters and their variation within persons and with age are found in the Appendix.
Performance of the b.s.p. test. The method was essentially the same as that described by BarberRiley and associates (1961) . Deviations from this method were as follows: (a) the dose of b.s.p. was 3.5 mg/kg body weight up to a mayi'mnm of 300 mg except for a few patients early in the study who were given 5 mg/kg; (b) sample timing was altered to 4, 7, 10, 15, 20 and 25 minutes, and six further samples were taken at 7-10-minute intervals; (c) 5-8 ml of the patient's blood was mixed with the b.s.p. in the syringe before injection.
Method of measuring b.s.p. in plasma. The method of Richards, Tindall and Young (1959) was followed, except that approximately N NH 4 0H was used to dilute the plasma samples, and the degree of dilution was 1:15 for the samples from the early part of the test, and 1:7.5 for the later samples.
Construction of exponentials. As stated earlier this was done manually. A trial exponential to the second part of the curve (k 2 in fig. 1 ) was drawn and the concentration values on this line subtracted from the original curve. This gave points which could form the first exponential (k l in fig. 1 ). This process of constructing trial exponentials was continued until these points formed a straight line. The validity of the two exponentials was then checked by adding their values together to see whether the original curve was reproduced.
Accuracy of measurement of b.s.p. in plasma. A full description and discussion of experiments to determine this is found in Dodson (1968) . These results can be summarized briefly as follows. Using dilutions of non-haemolyzed plasma containing b.s.p. of 1:15 and 1:7.5 with N NH 4 0H, concentrations down to 0.08 mg b.s.p./lOO ml plasma can be measured to within 10 per cent of their original concentrations. In haemolyzed plasma the accuracy is much less, only concentrations down to 0.2 mg/100 ml plasma being measured to within 10 per cent of their actual concentrations.
Assay of serum alanine amino transferase (SAT). This was carried out according to the method of King (1958 King ( , 1960 . Blood was taken before starting each b.s.p. test and allowed to clot in a clean dry Wassermann tube. The serum was separated by centrifuging and was stored in a refrigerator for not more than 5 days before carrying out the assay. All assays were carried out under the supervision of M.E.D.
Plan of investigation.
A clinical history was taken from the patients, with specific reference to previous jaundice or other illnesses or operations, any medication, especially that taken regularly, and alcohol consumption.
Liver function tests were carried out on the day before operation, and postoperatively on the 3rd, 5th or 7th day. If the postoperative b.s.p. test on either the 3rd or 5th day was abnormal, or if the patient volunteered, a further test was carried out on the 10th postoperative day. If this last test, or that carried out on the 7th postoperative day showed abnormal features, a later test was done approximately 4 weeks after operation.
The patient was prepared for operation in the usual way, being starved from midnight of the night before operation. On arrival in the anaesthetic room a sphygmomanometer cuff was put on and the blood pressure measured. Every anaesthetic was attended by M.E.D. in order to ensure that the standard anaesthetic procedures described above were followed. The anaesthetist available for the list gave the anaesthetic, and the blood pressure and pulse were measured at approximately 10-minute intervals. Arterial blood was taken for measurement of oxygen and carbon dioxide tensions, pH and standard bicarbonate at 15-20-minute intervals. On the few occasions when arterial blood could not be obtained, an arterialized-venous sample was taken as described by Brooks and Wynn (1959) but this could not be used for accurate arterial oxygen tension estimations. Blood samples were taken anaerobically into heparinized plastic syringes which were capped, rolled to ensure mixing, and put into iced water. All measurements were carried out within an hour of sampling, and usually within 20 minutes.
Notes were made of any difficulties which occurred during the anaesthetic, such as cyanosis, coughing, vomiting or laryngeal spasm.
Postoperative pain relief was obtained usually with morphine injections of 10-15 mg, or oral dihydrocodeine bitartrate 60 mg. Neither drug was given within 11 hours of a b.s.p. test because of the possibility that a delay in b.s.p. excretion might occur following spasm of the sphincter of Oddi caused by these drugs (Hultman and Castenfors, 1961; Cantarcw, Gartman and Ricchiuti, 1935) . Other drugs were administered as required and noted. The patient's postoperative clinical condition was also noted, especially pyrexia, nausea, vomiting or anorexia. The timing of the postoperative tests is described above.
Measurement of blood-gas tensions and
acid-base state. The instrument used for the measurement of oxygen tension was the Bishop oxygen electrode model SOH33 used in conjunction with the 33B Vibron electrometer and the C33B pH accessory unit. That used for the measurement of carbon dioxide tension was the Severinghaus electrode, and for pH the replaceable capillary electrode model SH33, both connected to the model 48A blood pH meter. All instruments were made by Electronic Instruments Ltd.
Statistical analysis.
All the derived functional parameters of the b.s.p. test described above, and the 3(f and 45' retentions were analyzed.
Differences between the preoperative and postoperative values for each parameter and for each patient were used to calculate means and standard deviations. The significance of changes in the means on each postoperative day were determined. The t-test was used to estimate the mean difference from zero. The Wilcoxon or Rank-sum test (Quenouille, 1959) and the Mest were used to compare mean differences. Results which could have occurred by chance in less than 1:20 cases (P<0.05) were considered to be significant.
RESULTS

The b.s.p. tests.
Sixty-nine patients were originally studied, but the results of 11 of the b.s.p. tests, 4 preoperative and 7 postoperative, could not be used. In these tests, either the b.s.p. concentration could not be measured accurately due to haemolysis or turbidity of the plasma, or the plasma decay curve was so near to a straight line that two exponentials could not be constructed.
There were 65 patients in whom reliable observations were made in the preoperative and "Sigmoid" deviations from the double exponential decay curve occurred in 6 of 65 preoperative graphs and 23 of 78 postoperative graphs. These curves are illustrated in figure 2. Richards (1965) considered that curves of this type were only found in cases of biliary obstruction, but this present study has demonstrated minor inflections before and after operation in patients without biliary obstruction, and these changes have also been seen in normal volunteers. These curves were analyzed by drawing in a section C below and parallel to the second part of the curve, C, so that a smooth curve was produced for which exponentials could then be drawn in the usual way. A fuller discussion of these curves can be found in Dodson (1968) .
Changes with time after operation.
(1) All patients. changes in some of the parameters (fig. 3) . The significant changes shown in this figure are not quantitative. It can be seen that these parameters showed a specific pattern of change after operation. On the 3rd postoperative day, clearance (SSC), storage (ELV) and extraction (E%) decreased and the retentions (30'% and 45'%) increased. There was also an increase in V, the initial distribution volume of the b.s.p. On the 5th day, SSC and ELV had returned to normal, but E% and the retentions showed that the liver was still not excreting b.s.p. normally. On the 7th day F/V% (the fractional volume flow) and the liver blood flow (BF) increased and SSC also showed a significant increase. On the 10th day, there were no significant changes in any parameters compared with the preoperative values.
(2) For each anaesthetic. There was a similar pattern of change for the two anaesthetics. Significant differences from preoperative function are shown in tables IV and V. Some differences between the two anaesthetics are seen. Significant changes occurred in ELV and F/V% only after the non-halothane anaesthetic, i.e. ELV was decreased on the 3rd postoperative day and increased on the 10th postoperative day, and F/V% was increased on the 7th postoperative day. Significant increases in V occurred on the 3rd postoperative day after the non-halothane anaesthetic, and on the 5th day after the halothane anaesthetic. E% was just significantly decreased on the 7th day after the non-halothane anaesthetic.
(3) Comparison of the postoperative changes produced by the two anaesthetics. The only significant differences found were on the 7th postoperative day. The patients who did not have halothane had a greater reduction in E% and increase in BF than those to whom halothane was given. These results are shown in table VI. BRITISH JOURNAL OF ANAESTHESIA hypoxic during anaesthesia with those who were not hypoxic. The highest oxygen tension measurements should possibly have been higher, and an error of as much as +5 per cent would not change any patient from the hypoxic (<100 mm Hg) to the non-hypoxic group (>100 mm Hg). Three of the four patients with arterial oxygen tensions of less than 100 mm Hg had a b.s.p. test on their 3rd postoperative day. The results of the test in these patients were compared with the results of tests on the 3rd postoperative day of patients whose measured arterial oxygen tension did not fall below 100 mm Hg.
The significance of the change of the mean difference from zero was first estimated for each group. The only significant changes were in the nonhypoxic group and are shown in table VIII. Comparison of the changes in the two groups was then made. Significant differences are given in table IX. Liver function, as shown by extraction, retentions and steady-state clearance, was significantly worse in the patients who were hypoxic during anaesthesia. Differences in the significances calculated by the two statistical tests are to be expected as these tests are based on different mathematical assumptions. The Mest assumes that the values have a normal probability distribution. As the two groups consist of such small numbers, this assumption cannot be tested at all precisely. Greater weight must therefore be placed on the Wilcoxon significance, rather than on the t-test significance. The other parameters did not show any statistical difference between the two groups.
It has been shown that postoperative hypoxaemia can be present due to ventilation perfusion disturbances (Nunn and Payne, 1962; Conway and Payne, 1964) . Five patients were therefore given oxygen for 24 hours postoperatively via nasal catheter (Argyle) at a rate of 3 l./min. Arterial oxygen tension measurements were not made during this period. The liver function of 4 of these patients, all of whom were not hypoxic during operation, was tested on the 3rd day after operation. When their results were compared with similar patients who did not receive postoperative oxygen, no significant differences were found.
Alterations in carbon dioxide tension during
anaesthesia. Figure 5 is a histogram of the mean carbon dioxide tension obtained from arterial or arterialized-venous blood during anaesthesia in all 65 patients. In 57 patients, the measurements did not differ by more than 8 mm Hg (in all except 3 patients the difference was not greater than 5 mm Hg). In 20 patients, none of whom received halothane, the mean was less than 35 mm Hg. In 18 patients who received halothane the mean was more than 45 mm Hg. Comparison of these two groups with low and high carbon dioxide tensions for the 3rd, 5lh and 7th post- • I I I operative days revealed no difference of significance. Too few results for the 10th postoperative day were obtained to permit any assessment.
Preoperative alcohol consumption.
Patients were divided into four groups of alcohol intake:
Group 1 occasional or no alcohol. Group 2 light drinkers, of 2-13 pints of beer per week. Group 3 moderate drinkers, of 14-28 pints of beer per week.
Group 4 heavy drinkers, of more than 28 pints of beer per week or spirits. Table X shows the number of patients in each group and the number tested on each postoperative day for each group. The changes on the 3rd postoperative day were compared for all the groups, and the changes which reached a significant level are shown in table XI. It can be seen that group 3, the moderate drinkers, had a significantly greater increase in retentions than either groups 1 or 2. SSC also showed a greater decrease in group 3 which just reached significance when compared with group 2.
The changes on the 5th postoperative day were similarly compared for groups 1 and 3; on the 7th day for groups 1, 2 and 3; and on the 10th day for groups 1 and 3. There were no significant differences. The patients who were tested on the 3rd postoperative day were further divided according to the anaesthetic administered, to ascertain whether there were any differences when halothane was administered to patients who consumed different quantities of alcohol. In group 3, E% was decreased to a significantly greater extent after the non-halothane anaesthetic according to the Wilcoxon test (0.04>P>0.03). No other differences between the two anaesthetics were found.
Other factors.
No significant relationship could be found between postoperative liver function changes and either changes in blood pressure during anaesthesia or recent preoperative illness (two patients had had colds, and one was recovering from "gastric flu", a general illness accompanied by nausea, loss of appetite and malaise). There were insufficient patients with a history of jaundice for any statistical analysis of the influence of this factor to be carried out.
It was found that a deterioration in the ability of the liver to excrete b.s.p. was not necessarily accompanied by any clinical signs or symptoms.
No evidence could be found that any of the drugs in the doses in which they were taken by, or administered to, the patients before or after operation could have caused any of the changes in b.s.p. excretion.
Assay of SAT.
No significant changes were found in the serum levels of alanine amino transferase after the operations and anaesthetics. No correlation could be found between any of the b.s.p. test changes and the serum enzyme changes. than the enzyme assay in the detection of minor changes in liver function. These advantages have to be set against the disadvantages and limitations of the extended b.s.p. test. It is time consuming, and requires care at all stages; in collecting and timing the blood samples; measuring the plasma b.s.p. concentrations; drawing the curve and constructing its component exponentials. The injection of b.s.p. causes local venous thrombosis in about 10 per cent of cases and, in very rare instances, may be the cause of anaphylactic reactions (Iber, 1965) .
The model does not, and cannot, describe fully the total range of behaviour of the liver towards b.s.p. It does not incorporate terms intended to describe the phenomena of limitation of transport, whether from the plasma to the liver or from the liver to bile. Nor is it strictly applicable when metabolism of substrate occurs, i.e. when two or more varieties of substrate are being simultaneously handled, and the transport constants of the metabolite or metabolites are unknown.
If dosage is reduced to values which do not demand transport effort near to the maximum, the kinetics of the model may be applied. In the observations reported, the dose never exceeded 5.0 mg/kg, and in most cases, was 3.5 mg/kg.
The effects of b.s.p. metabolism are seen as a "sigmoid" curve in the semilog graphs of concentration against time (Richards, 1965) . They were observed in 28 per cent of postoperative graphs. The method of analyzing these sigmoid curves gives parameter values which probably only approximate to the values which would be obtained if b.s.p. were not metabolized. These errors do not, however, invalidate the changes in liver function described after operation under general anaesthesia. No changes of a similar extent were found in normal student volunteers who had 2 or 3 tests over periods of up to 2 weeks (see Appendix).
The results.
There is no doubt that in a considerable number of patients, liver function deteriorates after apparently uncomplicated operations under general anaesthesia. In a small proportion of these patients, such changes may be accompanied by more signs and symptoms than are usual after such operations.
The changes are to some extent those that would be predicted from other studies, in that the ability of the liver to store and excrete b.s.p. is diminished up to about the 5th postoperative day. After this, some parameters of liver function rather unexpectedly improve above their preoperative level. For example, the proportion of the plasma volume flowing through the liver and the steady-state clearance increase. These observations could be connected with the finding of By waters (1946) who demonstrated that there was a stage during recovery from liver damage at about the 6th day after injury when an increase in mitotic activity in the liver cell could be observed.
Not all patients, however, showed a deterioration in liver function even when this was examined on the first day after operation as in an earlier unreported series. It would be valuable to determine the factors which distinguish those patients whose liver function changes from those in whom no such changes are observed. From this series, no evidence emerges that the presence or absence of halothane in the anaesthetic affects postoperative liver function.
There is, however, evidence to suggest that two factors may be of importance. One is the occurrence of an arterial oxygen tension of less than 100 mm Hg during the anaesthetic, and the other is a high preoperative alcohol consumption.
The importance of hypoxia in the aetiology of liver damage has been recognized for many years (Martin, Loevenhart and Bunting, 1918; Bourne, 1936; Popper, 1954; Refsum, 1963) . Despite this, in the recent series of case reports of patients who became jaundiced following halothane anaesthesia, little or no consideration was given to this factor, although in several cases there was strong circumstantial evidence of hypoxia (Burnap, Galla and Vandam, 1958; Temple, Cote and Gorens, 1962; Slater et al., 1964) . The recent advances in the techniques of measuring arterial oxygen tension and their wider availability open the way to an increasing appreciation of changes in oxygenation occurring during anaesthesia.
The complex metabolic effects of alcohol on the liver are reviewed by Lieber and Davidson (1962) . It seems possible that a high intake of alcohol in the human could produce metabolic changes even before the overt signs of fat accumulation and cirrhosis are seen. Such metabolic changes might increase the susceptibility of the liver to the "stress" of anaesthesia and operation. There was no evidence from this study that this "stress" was greater when halothane was administered.
This study has only considered a small number of the possible causes of, and contributory factors to, postoperative liver function deterioration. It has not taken into account the nutritional state of the patient, a very difficult factor to standardize. It does not consider the changes in hepatic blood flow which occur during anaesthesia (Galindo, 1965a, b, c) , and as Brauer (1958) points out, the distribution of blood within die liver may be altered when total hepatic blood flow, portal flow or hepatic arterial flow remain unchanged. Such changes in distribution are extremely difficult to measure and their effects on hepatic function are unknown. Another factor not assessed was the influence of changes in the autonomic nervous system during anaesthesia. Stimulation or paralysis of this system can produce alterations in hepatic blood flow (Griffidi and Emery, 1930; Wakim, 1942) and also affect the deposition of fat in the liver (Calvert and Brodie, 1960; Brodie and Maickel, 1963) .
CONCLUSION
Akhough diis series is composed of only 65 patients, the results raised points in relation to postoperative disturbances of liver function to which little consideration appears to have been given. Most other studies of postoperative liver function changes have had a limited view of the aetiology of these changes, giving most consideration to die anaesthetic used. This study suggests diat diere are other factors of equal, if not greater importance, such as hypoxaemia during die operation, and preoperative alcohol consumption.
The results of this study do not support the view diat an anaesdietic widi halothane is more likely to produce liver damage than an anaesdietic in which diis agent is not present, nor do they answer die question whether halothane can, in what are presumably exceptional cases, produce damage by means of "hypersensitivity". There is some evidence that halodiane may produce effects on die liver by means of an immune reaction (Paronetto and Popper, 1970; Rodriguez et al., 1969) and diere may be rare patients in whom metabolism differs so diat a normal anaesdietic dose of halodiane is followed by serious and sometimes fatal liver damage. The causes of die majority of cases of liver damage after operation are more likely to be found elsewhere, and in many cases, a combination of factors operates, radier man a single factor.
APPENDIX
NORMAL VALUES FOR PARAMETERS DERIVED FROM THE EXTENDED B.S.P. TEST AND THEIR VARIATION WITHIN THE INDIVIDUAL AND WITH AGE
Variation within the individual. Repeat b.s.p. tests were carried out on 16 volunteer medical students, aged 20-26. Two were female. Eleven of the students had three tests and the rest had two tests each. The intervals between the tests were similar to the intervals between tests in the patients, i.e. 3, 5, 7 or 10 clear days. The method of carrying out the test and measuring the b.s.p. was the same as that for the patients. The dose of b.s.p. was 3.5 mg/kg up to a maximum of 300 mg. Visually, the tests showed remarkably little variation over the time studied for each individual, despite the difficulties of measuring the low concentrations of b.s.p. which inevitably occurred towards the end of each test in these fit young people. There were no differences between the tests in any individual which were of the magnitude of those so frequently seen in the patients described above.
Statistical analysis of the results presented some difficulty. The F-test was applied to the results of the 11 students who had three tests each to determine whether the variation between persons was greater than the intraperson variation. For all parameters, it was found that the variation between persons was greater. The significance was less than 0.01. except for F/V%, for which the significance was less than 0.025. Variation with age. This was assessed by using the preoperative tests from some of the patients described above, and the first test of each volunteer student who took part in the study of intraperson variation described above. Patient tests were not used if the patient had a high SAT, or a history of jaundice, or if the dose of b.s.p. was greater than 300 mg.
The age groups studied were 20-25; 26-39; 40-49; 50-59; 60-69. Means and standard deviations were calculated and the results for the parameters mentioned in this article are given in table XII. It can be seen that the flow parameters decrease with increasing age and the retentions increase, but that the ability of the liver to store (ELV) and excrete (E%) b.s.p. apparently are not affected by age.
Full tables of more parameters of the extended b.s.p. test are found in Dodson (1968) .
ETUDE PROSPECTIVE DES MODIFICATIONS DE LA FONCTION HEPATIQUE APRES INTERVENTIONS CHIRURGICALES PRATIQUEES SOUS DEUX TYPES D'ANESTHESIE GENERALE
SOMMAIRE
On a procede a l'etude de la fonction hepatique chez soixante-cinq malades, apres et avant intervention chirurgicale pratiquee sous anesthesie generale. Le test de fonctionnement hepatique utilise a ete l'epreuve a la BSP (bromosulfonephtaleine) modifiee, qui fournit des donnees quantitatives pour plusieurs parametres de la fonction hepatique. On a compare les effets de deux types d'anesthesie generale. L'une des techniques d'anesthesie generale comprenait l'administration d'halothane a un malade respirant spontanement et l'autre comportait une anesthesie au protoxyde d'azote, oxygene et tubocurarine avec respiration assistee. Aucune difference significative n'a pu etre notee entre les effets de ces deux modes anesthesiques en ce qui concerne la fonction hepatique etudiee apres 1'intervention. Une modalite specifique de changement a ete observee pour chacun des parametres de la fonction hepatique, lorsque les resultats provenant de tous les malades ont ete analyses collectivement. Une consommation accrue d'alcool avant l'intervention et une tension d'oxygene basse au cours de l'anesthesie ont ete suivies d'un dysfonctionnement hepatique post-operatoire plus elev£, ayant juste atteint des niveaux significatifs. Aucune correlation n'a ete retrouvee entre un trouble du fonctionnement hepatique apres intervention, d'une part, et la tension du gaz carbonique arteriel, la pression sanguine au cours de l'anesthesie ou une affection pathologique pre-operatoire, d'autre part. La funcion hepatica de sesenta y cinco pacientes fue estudiada antes y despues de la operacion bajo anestesia general. La prueba funcional hepatica utilizada fue una modificacidn de la prueba de bromosulftaleina (BSP) que dio valores cuantitativos para varios parametros de la funcion hepatica. Fueron comparados los efectos de dos tipos de anestesia general. Una de las tecnicas anestesicas consisu'a en la administration de halotano al paciente que respiraba espontaneamente y la otra usaba una anestesia con oxido nitroso, oxigeno y tubocurarina con ventilacidn pulmonar controlada. No fue detectada ninguna diferencia significativa entre los efectos de estos dos anestesicos sobre la funcidn hepatica postoperatoria. Se encontro un patr6n especifico de cambio para cada parametro de la funcion hepatica cuando los resultados de todos los pacientes fueron analizados colectivamente. Un elevado consumo preoperatorio de alcohol y baja tension de oxigeno durante la anestesia fueron seguidos por una mayor intensidad en la disfuncion hepatica postoperatoria que alcanzo apenas niveles significativos. No se hall6 ninguna correlacion entre la disfuncion hepatica postoperatoria y la tensi6n arterial de anhidrido carbdnico o presion sanguinea durante la anestesia o enfermedad preoperatoria.
